This paper presents a discrete-time adaptive sliding mode controller for an autonomous underwater vehicle (AUV) in the presence of parameter uncertainties and external disturbance. The controller makes the system stable in the presence of system uncertainties and external disturbances. The proposed algorithm has a time varying sliding surface which is obtained by parameter estimation method. The presented algorithms have been applied to the problem of depth control of an AUV. Resulting performances have been tested by simulation.
Introduction
The performance of the control of the autonomous underwater vehicle (AUV) is affected by several elements such as: uncertainty in the model knowledge, presence of hydrodynamic effects, coupling effects between horizontal and vertical planes, system nonlinearity and so on. An adaptive sliding mode control approach is proposed. First, a direct sliding mode control scheme is introduced. This controller is further incorporated into the adaptive control strategy. This approach combines the advantages of traditional adaptive control with sliding mode control without knowing the accurate dynamic model of the system. The introduced controller compensates the structured and unstructured uncertainty of the vehicle and the environment. It does not require an accurate model of the vehicle dynamics, and ensures robust performance in the presence of disturbances and dynamic uncertainty.
Traditional sliding mode control algorithms are always designed in continuous mode, but control algorithms are always ran in discrete time implementation that may lead the system to chatter along the desired sliding mode and even to instability. Therefore, the discrete-time sliding mode method is needed to counter this problem. An adaptive parameter identifier is used to estimate the discrete model. B. Wu, S. Li, and X. Wang
The control system architecture is shown in fig.1 .
Fig. 1. Control system architecture 2 Dynamic Model
It is supposed that the vehicle is operating around a desired forward speed. Without regards to the nonlinear components, the equations of motion can be reduced to the following simple forms:
According to Newton theory: 
